geochemical models of the land biosphere generally produce large interannual shifts in terrestrial fluxes, but they differ in where or how they attribute these shifts to underlying processes (photosynthesis or respiration).
Inverse models using atmospheric CO2 observations and atmospheric transport have been applied to infer the mean spatial distribution of CO2 fluxes (7-9), but rarely to estimate their interannual variability (10) . Here, we constructed an inversion using 20 years of atmospheric CO2 measurements, mostly from the NOAA Climate Monitoring and Diagnostics Laboratory air sampling network, to infer monthly changes in the carbon balance of large regions. The carbon balance of continents and oceans can be considered as the sum of two components, a long-term mean net flux (over 20 years) and a monthly varying flux anomaly. In the following, we present and discuss the monthly varying flux anomalies. The results of the inverse approach ("top-down") are compared with predictions of two state-of-the-art global models ("bottom-up") of the carbon fluxes over land ecosystems and oceans.
Over the past 20 years, the annual accumulation of CO2 in the atmosphere has varied between 1 and 6 GtC year-1 (1). Because fossil CO2 emission changes do not vary much from year to year, the observed changes in accumulation rate reflect variations of ocean and land outer core. The release of gravitational energy is proportional to tJ -tp(rjc), where tp(rjc) is the gravitational potential at r = ric and t+ is the average potential over the liquid core. If the excess light elements are subsequently incorporated into sediments at the top of the core r = rc, the total release of gravitational energy is proportional to t(rj -4(rjj), which is larger than + -4(rjj) by about a factor of 2. 46. Partially supported by NSERC (B.A.B.) We have developed such a model, extending the work of (9), to retrieve the net CO2 fluxes evety month from 1980 to 1998 (13). The inverse model optimizes CO2 ocean and land fluxes for 11 continental regions and eight ocean regions ( At the regional scale, we find that the long-term mean net fluxes are significantly different among the eight inversions, within a typical range of 0.4 GtC year-' for ocean regions and of 0.8 GtC year-' for land regions. Independent inverse modeling studies of the mean net fluxes tend to confirm this result (7-9). On the other hand, the inferred flux anomalies are substantially more similar among our sensitivity tests, which suggests that anomalies are retrieved more robustly than long-term mean fluxes (16). The latter are inferred from mean spatial concentration differences among stations, which are rather small within a given latitude band. For instance, the apportionment of sources and sinks between North America and Eurasia relies on spatial mean differences on the order of 0.5 parts per million (ppm) at midnorthern latitudes (7). In contrast, flux anomalies for these regions are inferred from temporal changes of concentration differences between stations, which are larger than mean longitudinal differences (see below). Accordingly, we focus on monthly flux anomalies.
During the 1980-1998 period, land fluxes are found to be twice as variable as ocean fluxes (Fig. 2 
Although the mean carbon balance of
North America appears to be poorly constrained in our eight inversions (29), the large flux anomaly that we infer appears fairly robust. This anomalous increase in carbon storage over North America was of short duration; it was followed by a carbon loss of the same magnitude during 1994-1995 (Fig. 4A) . A second large negative growth rate anomaly occurred between 1995 and 1997 (see Fig. 4A ) that we attribute to an anomalous land uptake of 0. 
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E AL -1.. It is important to determine which regions and processes are responsible for interannual changes in the carbon balance of oceans and continents for two reasons. First, the impact of climate variability on the carbon sources and sinks can provide a unique assessment of process models used to predict CO2 levels in response to emission and climate change scenarios. Second, to detect where CO2 is being absorbed over land and oceans over the long term, it is necessary to separate interannual variations from long-term mean fluxes. Only when more atmospheric CO2 measurements become available will it be possible to better understand carbon flux anomalies, especially on land. One of the challenging issues then will be to link this top-down information to local measurements related to the interannual changes in the carbon balance of land ecosystems, such as climate anomalies, land use, and flux and tree-ring data. 
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